I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Arterial stiffness is one of the multiple characteristics of cardiovascular disease (CVD), and the mechanisms of arterial stiffness are mostly involved with abnormality of regulation among elastin, fibers and collagen, reorganization of cellular elements, and a low-grade persistent inflammatory process \[[@ref1][@ref2][@ref3]\]. The relationship between CVD and adipokines such as leptin, adiponectin, and resistin has been reported in recent years \[[@ref4][@ref5]\]. Leptin, a 16-kDa product of the obese gene and discovered in 1994, is mainly produced by white adipose tissue and involved in a wide range of functions beyond fat storage \[[@ref6]\]. The physiologic effects of leptin include reduced appetite and increased energy expenditure and the serum leptin level is positively correlated with body adiposity \[[@ref7]\]. Leptin also has been involved with stimulation of the renin--angiotensin--aldosterone system, the proliferation of vascular smooth muscle cells, endothelial oxidative stress, and the formation of reactive oxygen species, which contribute to the development of aortic mechanical dysfunction and arterial stiffness \[[@ref8][@ref9]\].

The European Society of Cardiology Working Group has described the importance of peripheral noninvasive vascular biomarkers for the primary and secondary CVD prevention. The aortic augmentation index (AIx), one noninvasive method to assess central hemodynamics/wave reflections, has been widely used as a clinical index of arterial stiffness \[[@ref10][@ref11]\]. The AIx is defined as the difference between the second and first peaks corresponding to the systolic blood pressure (SBP) and expressed as a percentage of the pulse pressure. Therefore, the AIx is an indirect measurement of central arterial stiffness throughout the direct measurement of central wave reflection \[[@ref12]\]. In end-stage renal disease patients, reduction of the cardiovascular risk and improvement of cardiovascular-related survival have been reported after successful kidney transplantation \[[@ref13]\]. Serum leptin, one of the adipokines, is a potential biomarker for monitoring the severity of CVD. The aim of this study was to determine the relationship between serum leptin levels and arterial stiffness, as measured by the aortic AIx, among kidney transplant recipients.

M[ATERIALS AND METHODS]{.smallcaps} {#sec1-2}
===================================

Patients {#sec2-1}
--------

Between May and August of 2013, we recruited kidney transplant recipients who were treated in a medical center in Hualien, Taiwan. Patients with any acute infection, malignancy, acute rejection, acute myocardial infarction, or pulmonary edema at the time of blood sampling or an arterial-venous shunt (fistula or graft) in the limbs were excluded from this study. Patients using medications related to calcium, active vitamin D metabolites, bisphosphonates, teriparatide, or estrogen, as well as those who refused to provide informed consent, were also excluded from this study. Finally, seventy patients were enrolled in the study for data collection and analysis. The study was conducted in accordance with the Declaration of Helsinki and was approved by the Human Subjects Institutional Review Board of Tzu Chi University and Buddhist Tzu Chi General Hospital (IRB100-91). Informed written consent was obtained from all patients before their enrollment in this study. Trained staff measured blood pressure in the morning for all patients, using standard mercury sphygmomanometers with appropriate cuff sizes, after the patients had been sitting for at least 10 min. SBP and diastolic BP (DBP) were taken at the points of appearance and disappearance, respectively, of the Korotkoff sounds. Pulse pressure was calculated by subtracting DBP from SBP. Hypertension was defined as SBP ≥140 mmHg and/or DBP ≥90 mmHg or prescription of antihypertensive medication in the past 2 weeks. A person was regarded as diabetic if the fasting plasma glucose was either 126 mg/dL or more or if he/she was using diabetes medication (oral or insulin).

Anthropometric analysis {#sec2-2}
-----------------------

The participants' body weights were measured in light clothing and without shoes to the nearest 0.5 kg, and body height was measured to the nearest 0.5 cm. The body mass index (BMI) was calculated as the weight in kilograms divided by the height in meters squared \[[@ref14][@ref15][@ref16][@ref17][@ref18]\]. Bioimpedance measurements of fat mass were performed at the bedside according to the standard tetrapolar whole-body (hand--foot) technique using a single-frequency (50-kHz) analyzer (Biodynamic-450, Biodynamics Corporation, Seattle, WA, USA). All measurements were carried out by the same operator.

Biochemical investigations {#sec2-3}
--------------------------

Fasting blood samples approximately 5 mL were taken. About 0.5 mL was used for hemoglobin levels and white blood cell counts (Sysmex K-1000, Sysmex American, Mundelein, IL, USA) and the rest was immediately centrifuged at 3000 g for 10 min. Serum levels of blood urea nitrogen (BUN), creatinine (Cre), fasting glucose, total cholesterol, triglycerides (TG), high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, total calcium, and phosphorus were measured using an autoanalyzer (COBAS Integra 800, Roche Diagnostics, Basel, Switzerland) \[[@ref14][@ref15][@ref16][@ref17][@ref18]\]. Concentrations of serum intact parathyroid hormone (iPTH) (Diagnostic Systems Laboratories, Webster, Texas, USA) and serum leptin (SPI-BIO, Montigny le Bretonneux, France) were determined using a commercially available enzyme immunoassay kit and enzyme-linked immunosorbent assay kit, respectively \[[@ref14][@ref15][@ref16][@ref17]\]. The estimated glomerular filtration rate (GFR) calculation in this study was obtained by application of the equation from the Modification of Diet in Renal Disease.

Pulse wave analysis and aortic augmentation index assessment {#sec2-4}
------------------------------------------------------------

Patients were positioned supine and allowed to rest for at least 10 min before the test. Consumption of food, drink, alcohol, or tobacco was not restricted before the test, but the patients were not allowed to sleep or talk during the test. Pulse wave analysis by applanation tonometry was performed on the right radial artery and analyzed by SphygmoCor software (SphygmoCor system, AtCor Medical, Sydney, New South Wales, Australia) \[[@ref15][@ref16][@ref18]\]. SphygmoCor software was applied for the pulse wave analyses by calculation of a number of major indices including the aortic AIx.

Statistical analysis {#sec2-5}
--------------------

Data with a normal distribution were tested using the Kolmogorov--Smirnov test and were presented as means ± standard deviation. Data were expressed as medians and interquartile ranges for nonnormal distributed patterns. The serum glucose, BUN, Cre, TG, and iPTH datasets showed skewed nonnormal distributions and therefore were recalculated by transformation to the base 10 logarithm; after transformation, the log-glucose, log-BUN, log-Cre, log-TG, and log-iPTH were then normally distributed. Simple linear regression analysis was first applied to the clinical variables that correlated with the aortic AIx values in kidney transplant recipients. The variables that were significantly associated with the aortic AIx were then evaluated for independence by forward stepwise regression analysis. All data were analyzed using SPSS for Windows (version 19.0; SPSS Inc., Chicago, IL, USA). The *P* \< 0.05 was expressed as statistically significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The anthropometric and biochemical data of all participants are shown in [Table 1](#T1){ref-type="table"}. The mean age of the 70 kidney transplant patients was 52.1 years, 38 (54.3%) were male, the mean posttransplantation duration was 70.8 months, the mean BMI was 23.8 kg/m^2^ and the mean body fat mass was 29.1%. The average of SBP, DBP, and pulse pressure was 139.5 mmHg, 86.8 mmHg, and 52.7 mmHg, respectively. The mean aortic AIx was 18.4% and the mean serum leptin level was 42.6 ng/mL.

###### 

Clinical and analytical characteristics of 70 kidney transplantation patients

  Items                           Parameter                      Values                                       Parameter           Values
  ------------------------------- ------------------------------ -------------------------------------------- ------------------- ----------
  Anthropometric data             Height (cm)                    162.2±8.3                                    Age (years)         52.1±9.5
  Body weight (kg)                62.7±12.6                      KT duration (months)                         70.8±43.0           
  BMI (kg/m^2^)                   23.8±4.3                       Body fat mass (%)                            29.1±6.5            
  Aortic augmentation index (%)   18.4±11.2                      DBP (mmHg)                                   86.8±10.5           
  SBP (mmHg)                      139.5±16.3                     Pulse pressure (mmHg)                        52.7±12.8           
  Biochemical data                White blood count (×1000/uL)   7.0±2.4                                      Hemoglobin (g/dL)   12.3±2.3
  Albumin (g/dL)                  4.1±0.5                        Globulin (g/dL)                              2.8±0.6             
  TG (mg/dL)                      112.5 (81.0-167.0)             Total cholesterol (mg/dL)                    195.3±46.5          
  HDL-C (mg/dL)                   51.8±16.2                      LDL-C (mg/dL)                                109.6±39.8          
  Fasting glucose (mg/dL)         94.5 (86.0-110.0)              Creatinine (mg/dL)                           1.5 (1.2-2.0)       
  BUN (mg/dL)                     22.0 (17.0-34.3)               GFR (mL/min)                                 47.1±21.4           
  Phosphorus (mg/dL)              3.4±0.8                        Total calcium (mg/dL)                        9.2±1.0             
  iPTH (pg/mL)                    111.7 (70.8-155.7)             Calcium × phosphorus product (mg^2^/dL^2^)   30.7±6.5            
  Leptin (ng/mL)                  42.6±34.2                                                                                       

Values for continuous variables given as means±SD and variables not normally distributed given as medians and interquartile range. KT: Kidney transplantation, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, GFR: Glomerular filtration rate, HDL-C: High-density lipoprotein-cholesterol, LDL-C: Low-density lipoprotein cholesterol, iPTH: Intact parathyroid hormone, SD: Standard deviation, TG: Triglycerides, BUN: Blood urea nitrogen, BMI: Body mass index

The prevalence of diabetes and hypertension were 60% (*n* = 42) and 25.7% (*n* = 18). Current immunosuppressive agent use was analyzed including tacrolimus (*n* = 41; 58.6%), mycophenolate mofetil or mycophenolic acid (*n* = 52; 74.3%), steroids (*n* = 57; 81.4%), rapamycin (*n* = 12; 17.1%), and cyclosporine (*n* = 17; 24.3%). No significant differences were observed in the aortic AIx based on gender, donor type of transplantation, or medication use except for statins \[[Table 2](#T2){ref-type="table"}\]. The 29 patients (41.4%) who used statins had a significantly higher mean aortic AIx (23.3% vs. 15.7%, *P* = 0.013) than those who did not.

###### 

Clinical characteristics and aortic augmentation index levels of 70 renal transplant recipients

  Characteristic                                   *n* (%)     Augmentation index (%)   *P*
  ------------------------------------------------ ----------- ------------------------ ---------
  Gender                                                                                
   Male                                            38 (54.3)   16.2±11.5                0.073
   Female                                          32 (45.7)   21.1±10.5                
  Diabetes                                                                              
   No                                              28 (40.0)   16.0±10.1                0.538
   Yes                                             42 (60.0)   20.±11.8                 
  Hypertension                                                                          
   No                                              52 (74.3)   17.9±11.4                0.483
   Yes                                             18 (25.7)   20.1±10.8                
  Transplantation model                                                                 
   Cadaveric                                       61 (87.1)   17.8±11.6                0.217
   Living                                          9 (12.9)    22.8±7.1                 
  Tacrolimus use                                                                        
   No                                              29 (41.4)   17.9±10.6                0.734
   Yes                                             41 (58.6)   18.8±11.7                
  Mycophenolate mofetil or mycophenolic acid use                                        
   No                                              18 (25.7)   20.7±12.6                0.333
   Yes                                             52 (74.3)   17.7±10.7                
  Steroid use                                                                           
   No                                              13 (18.6)   21.3±13.0                0.311
   Yes                                             57 (81.4)   17.8±10.8                
  Rapamycin use                                                                         
   No                                              58 (82.9)   18.3±11.2                0.808
   Yes                                             12 (17.1)   19.2±11.7                
  Cyclosporine use                                                                      
   No                                              53 (75.7)   18.9±11.6                0.579
   Yes                                             17 (24.3)   17.1±10.0                
  Statin use                                                                            
   No                                              41 (58.6)   15.7±11.2                0.013\*
   Yes                                             29 (41.4)   23.3±19.2                
  Fibrate use                                                                           
   No                                              61 (87.1)   17.8±10.4                0.217
   Yes                                             9 (12.9)    9.8±15.6                 

Data are expressed as means±SD. \**P* \<0.05 was considered statistically significant after the Student\'s independent *t*-test. SD: Standard deviation

Simple linear regression analysis of the aortic AIx values for the 70 kidney transplant recipients is shown in [Table 3](#T3){ref-type="table"}. The body fat mass (*r* = 0.356, *P* = 0.002), DBP (*r* = 0.278, *P* = 0.020), logarithmically transformed TG (log-TG, *r* = 0.253, *P* = 0.035), and serum leptin level (*r* = 0.425, *P* \< 0.001) were positively correlated with aortic AIx. Body height (*r* = −0.339, *P* = 0.004) and GFR (*r* = −0.273, *P* = 0.022) were negatively correlated with the aortic AIx in the participants. The variables that were significantly associated with the aortic AIx values (body fat mass, DBP, log-TG, leptin, body height, and GFR) were analyzed by forward stepwise linear regression. Serum leptin (β =0.364, *R*^2^ = 0.169, *P* \< 0.001), DBP (β =0.248, *R*^2^ = 0.230, *P* = 0.014), and body height (β = −0.228, *R*^2^ = 0.269, *P* = 0.036) were independent factors that were associated with the aortic AIx in our kidney transplant recipients \[[Table 4](#T4){ref-type="table"}\].

###### 

Correlation of aortic augmentation index levels and clinical variables by simple linear regression analysis in 70 kidney transplantation patients

  Variable                                   *r*      *P*
  ------------------------------------------ -------- -----------
  Age (years)                                0.076    0.534
  KT duration (months)                       0.103    0.397
  Height (cm)                                −0.339   0.004\*
  Body weight (kg)                           0.214    0.075
  BMI (kg/m^2^)                              −0.196   0.103
  Body fat mass (%)                          0.356    0.002\*
  SBP (mmHg)                                 0.197    0.102
  DBP (mmHg)                                 0.278    0.020\*
  Pulse pressure (mmHg)                      0.024    0.842
  White blood count (×1000/uL)               −0.025   0.835
  Hemoglobin (g/dL)                          −0.186   0.123
  Albumin (g/dL)                             −0.029   0.814
  Globulin (g/dL)                            −0.158   0.190
  Total cholesterol (mg/dL)                  0.162    0.180
  Log-TG (mg/dL)                             0.253    0.035\*
  HDL-C (mg/dL)                              −0.040   0.743
  LDL-C (mg/dL)                              0.093    0.446
  Log-glucose (mg/dL)                        −0.006   0.960
  Log-BUN (mg/dL)                            0.146    0.227
  Log-creatinine (mg/dL)                     0.055    0.654
  GFR (ml/min)                               −0.273   0.022\*
  Total calcium (mg/dL)                      −0.110   0.365
  Phosphorus (mg/dL)                         0.218    0.070
  Calcium×phosphorus product (mg^2^/dL^2^)   0.172    0.155
  Leptin (ng/mL)                             0.425    \<0.001\*
  Log-iPTH (pg/mL)                           0.005    0.969

\**P* \<0.05 is considered statistically significant in the simple linear analyses. HDL-C: High-density lipoprotein-cholesterol, LDL-C: Low-density lipoprotein-cholesterol, BMI: Body mass index, iPTH: Intact parathyroid hormone, KT: Kidney transplantation, TG: Triglycerides, GFR: Glomerular filtration rate, DBP: Diastolic blood pressure, BUN: Blood urea nitrogen, SBP: Systolic blood pressure

###### 

Stepwise linear regression analysis of statin use, height, body fat mass, diastolic blood pressure, log-triglyceride, glomerular filtration rate, and leptin: Correlation to aortic augmentation index levels among 70 kidney transplantation patients

  Items            β        Adjusted *R*^2^   Adjusted *R*^2^ change   *P*
  ---------------- -------- ----------------- ------------------------ -----------
  Leptin (ng/mL)   0.364    0.169             0.169                    \<0.001\*
  DBP (mmHg)       0.248    0.230             0.061                    0.014\*
  Height (cm)      −0.228   0.269             0.039                    0.036\*

\**P* \<0.05 is considered statistically significant in the stepwise linear regression analysis. DBP: Diastolic blood pressure

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The current results reveal that body fat mass, DBP, TG, and the leptin level were positively correlated, while height and GFR were negatively correlated with aortic AIx in kidney transplant recipients using simple linear analysis. After adjusting these significant variables using forward stepwise linear regression analysis, it was found that leptin, DBP, and height were independent predictors of aortic AIx values among kidney transplant recipients. A high serum leptin level was associated with the aortic AIx in renal transplant recipients.

Leptin is mainly produced by white adipose tissue, and its receptors are distributed in the mediobasal hypothalamus, and in the arcuate, ventromedial and dorsomedial nuclei \[[@ref6]\]. There are also abundant leptin receptors on the vasculature of the aorta \[[@ref19]\]. In the vasculature, leptin promotes vascular smooth muscle cell proliferation and induces endothelial oxidative stress and reactive oxygen species formation causing reduction of nitric oxide and aortic mechanical function, thereby contributing to arterial stiffness \[[@ref8][@ref9][@ref20][@ref21]\]. The relationship between leptin levels and arterial stiffness has been widely studied in different populations. In kidney transplant recipients, an increasing serum leptin level is a predictor of the development of central and peripheral arterial stiffness with measurement by pulse wave velocity (PWV) \[[@ref14][@ref15]\]. Our study showed a positive association between serum leptin and the aortic AIx in kidney transplant recipients even after multivariable linear regression analysis.

The pulse pressure and aortic AIx, have been used for evaluation of the interactions between the left ventricular function and afterload imposed by the arterial tree \[[@ref22]\]. Wave reflections during mid to late systole, which are mainly influenced by the characteristics of the central vasculature, are important determinants of left ventricular afterload. Unlike PWV, direct measurement of aortic stiffness, the aortic AIx, is a relative measurement of wave reflections that contribute to aortic pulse pressure. In a study of 522 healthy Asian participants, the AIx value was associated with age, gender, and hyperlipidemia status, and gender differences in the AIx were caused by body height and vascular characteristics \[[@ref23]\]. In our study of kidney transplant recipients, the TG level was positively associated with the aortic AIx in simple linear regression analysis and body height was negatively associated with the aortic AIx in forward stepwise linear regression. A recent systematic review and meta-analysis showed the significant positive effects of statins in reducing the aortic AIx and improving arterial stiffness \[[@ref24]\]. In the present study, higher AIx values were noted in the statin treatment group in renal transplant recipients.

Obesity is associated with leptin production and high plasma leptin concentrations \[[@ref25]\]. Abnormal production of adipokines participates in the pathogenesis of obesity-and insulin resistance-associated comorbidities, including vascular stiffness and hypertension \[[@ref26]\]. In addition, obesity is associated with vascular remodeling and stiffness and has been known to predict increased cardiovascular mortality \[[@ref27]\]. Excess adipose tissue, in particular abdominal adipose tissue, has been closely linked to the development of vascular stiffness and CVD \[[@ref28]\]. In this study, body fat mass was positively associated with the aortic AIx in univariable linear regression analysis. Reduced GFR was associated with higher aortic AIx values in subjects with mild chronic kidney disease (stage 2 to stage 4), a group known to be at highest risk of CVD, and in cardiac patients not followed by nephrologists \[[@ref29]\]. Moreover, the aortic AIx is related to the extent of coronary obstruction in chronic kidney disease patients \[[@ref30]\]. Our study revealed that the GFR was negatively associated with the aortic AIx in renal transplant recipients.

Our study had some limitations. First, it had a cross-sectional design and therefore, the results need to be confirmed by long-term prospective studies before a causal connection between serum leptin levels and the aortic AIx in kidney transplant recipients can be established. Second, antihypertensive drugs such as β-blockers have been shown to increase the AIx, whereas other antihypertensive agents reduce the AIx \[[@ref31]\]. We did not record the antihypertensive medications used by the patients in our study. Third, the study enrolled a limited number of participants, and there was no case-matched control group, which could have resulted in selection bias.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

The present study demonstrated a positive association between AIx values and the serum leptin level and DBP, and a negative association between AIx values and body height among kidney transplants recipients. Furthermore, changes in of the serum leptin and aortic AIx values should be assessed to recognize the therapeutic effects of current medications in arterial stiffness.
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